Background {#Sec1}
==========

Emergency medical dispatch is an emerging area of practice and research \[[@CR1]\]. In the beginning, dispatchers in medical dispatch services (DS's) were typically laypeople with minimal to no training and took on a role akin to a telephone operator. The role of a dispatcher has since evolved into a crucial link in delivering patient care in emergency medical service (EMS) systems, functioning as resource allocators, non-visual clinicians and gatekeepers who are able to implement lifesaving measures prior to responders arriving on scene \[[@CR1], [@CR2]\], particularly in dispatcher assisted cardio-pulmonary resuscitation (DACPR) during out-of-hospital cardiac arrest (OHCA).

This evolution has occurred amidst a rapidly aging population in some countries and increased call volumes in the Asia-Pacific region, with emergency medical conditions, including OHCA, on the rise \[[@CR3]\].

Dispatch services in Asia and their role in out-of-hospital cardiac arrest {#Sec2}
--------------------------------------------------------------------------

EMS systems in Asia are heterogenous, and remain at different phases of maturity and development \[[@CR4]\]. Asian countries' EMS setups are distinct from the Anglo-American and Franco-German models, being relatively underdeveloped and with a comparatively short history spanning fewer than 20 years on average \[[@CR5]\]. Globally, DS setups and operating procedures may vary greatly, with at least 6 different models identified in Europe alone \[[@CR6]\].

OHCA survival rates in Asia remain relatively low \[[@CR7]\]. The most significant modifiable element correlated with better neurological outcomes post-OHCA is the time from collapse to cardiopulmonary resuscitation (CPR) and defibrillation \[[@CR8], [@CR9]\]. DACPR has been shown to raise survival and bystander CPR rates, and improve quality of life post-cardiac arrest \[[@CR10]\].

This paper aims to describe the various DS's within the Pan Asian Resuscitation Outcomes Study (PAROS) Clinical Research Network, their practices and interventions, and the state of DACPR implementation within each DS, thereby laying a foundation for future research. PAROS was set up in 2009 with the aim of improving outcomes from pre-hospital emergency care across the Asia-Pacific, and currently spans 12 countries in the region.

Methods {#Sec3}
=======

We performed a cross-sectional, descriptive survey from July 2017 to March 2019. A web-based survey was disseminated to all medical directors of the DS's within the PAROS network.

Participants were given the option to respond via either a web-based survey system or email. A designated local principal investigator at each site was responsible for verifying and accurately entering the data. The local principal investigator also responded to data queries (Additional file [1](#MOESM1){ref-type="media"}).

Definitions {#Sec4}
-----------

The Utstein recommendations were adopted alongside a unified taxonomy conceived by the PAROS network \[[@CR11], [@CR12]\]. Exclusion criteria for DACPR statistics were not finalized at the time of data collection as the revised 2017 American Heart Association quality improvement program recommendations were in the midst of being published when the survey was being disseminated \[[@CR13], [@CR14]\].

Key criteria for defining a DS in this study were (a) a common reporting agency or ministry, and; (b) a common operating framework and standard operating protocol, and; (c) a common service region (i.e. a city or state). Multiple dispatch centers (DCs), or physical call-centers that are responsible for taking emergency calls, may thus constitute one DS, so long as the three elements are present.

Call loads were calculated by obtaining the ratio of annual EMS transports to annual DS man hours, or the number of EMS transports activated per man hour.

Survey tools {#Sec5}
------------

A standardized survey form in English was used (Additional file [2](#MOESM2){ref-type="media"}). The survey was developed by PAROS investigators. Survey domains included study site's pre-hospital emergency care structure and characteristics, dispatcher credentials, process indicators of pre-arrival instructions and DACPR, characteristics of quality assurance program, population specific factors, and outcome measures.

Results {#Sec6}
=======

The survey was sent to 19 sites. Response rate to the survey was 47.4% (*n* = 9), with 75% (*n* = 9) of PAROS countries represented including India (1), Japan (1), Korea (1), Malaysia (1), Philippines (1), Singapore (1), Taiwan (1), Thailand (1) and Vietnam (1). These DS's manage a total of 23 dispatch centers and serve over 80 million people in Asia (Fig. [1](#Fig1){ref-type="fig"}). 66.7% (*n* = 6) of service regions were urban. There was a large variation in call loads ranging from 0.21 to 7.66. Characteristics of each DS are listed in Table [1](#Tab1){ref-type="table"}. Structure and staffing capabilities are listed in Table [2](#Tab2){ref-type="table"}. Fig. 1Map of Respondents' Sites. The map was created using ArcGIS - ArcMap v10.0 (Esri, California, United States of America) Table 1Respondents' characteristicsDSSeoulHanoiTokyoMiriDavaoTainanTelanganaSingaporeBangkokCountryKoreaVietnamJapanMalaysiaPhilippinesTaiwanIndiaSingaporeThailandYear Collected2015201620152016^a^20162013^b^201620162017Population9,471,8716,452,00013,491,000151,5001,632,9911,840,25735,003,6745,612,2538,306,218Area (km^2^)605.233292191997.424442192112,077721.51569Population Density/km^2^15,6511938615715266884031277795294UrbanizationUrbanUrbanUrban & SuburbanRuralUrbanUrbanUrban, Suburban & RuralUrbanUrbanAnnual EMS Transports335,45723,0001,328,054188818,18394,000448,711178,1545000Annual Total DS Man Hours43,80026,280700,800876087,60035,040233,488219,00017,520Transport to Man Hour Ratio7.660.861.900.220.212.681.920.810.29Paramedic-Confirmed OHCA Calls4577100023,47713510111917092521207CPR trained (%)10NA7110NANA30.3NAAED trained (%)7.5NA715NANA11.1NABystander CPR (%)52NA39.95625.8NA54.134*DS* Dispatch service, *EMS* Emergency medical service, *OHCA* Out of hospital cardiac arrest, *AED* Automated external defibrillator, *Annual Total DS Man Hours* Total number of man hours rostered annually by the Dispatch Service, *Transport to Man Hour Ratio* Number of EMS transports activated per man hour rostered by the Dispatch Service, *Paramedic-Confirmed OHCA Calls* Number of calls annually that were assessed by paramedics to be an OHCA^a^Data was only available from April to December 2016^b^Data was only available from 2013 due to site constraints Table 2Dispatch service capabilities & dispatcher qualificationsDSSeoulHanoiTokyoMiriDavaoTainanTelanganaSingaporeBangkokNumber of DCs1521101111DS ConfigurationVerticalHorizontalHorizontalVerticalHorizontalVerticalVerticalHorizontalHorizontalDispatch SystemProtocol-DrivenNAProtocol-DrivenProtocol-DrivenGuideline-DrivenProtocol-DrivenProtocol-DrivenProtocol-DrivenGuideline-DrivenHighest Level of ResponseBLS + ALSBLSBLS + First ResponderBLS + ALSBLS + ALSBLS + ALSBLS + ALSBLS + ALSBLS + ALSTiered Dispatch ResponseYesYesYesNoNoNoYesYesYes First Dispatch ResponseAmbulanceAmbulanceAmbulanceNANANAAmbulanceAmbulanceAmbulanceFire ApplianceFire ApplianceFire AppliancePolice CarMotorcycleMotorcycleDoctor AmbulanceDACPRYesNoYesYesYesYesNoYesYesOther Pre-arrival InstructionsYesNoYesYesYesYesNoYesYesMedical OversightYesYesYesYesYesNoYesYesYesDS Standby PhysicianYesYesYesNoYesNoYesNoNoPredominant VocationParamedicEMTEMTParamedicNurseFirefighterEmergency Response OfficerFirefighterLaypersonMinimum Entry QualificationEMT IntermediateBCLSEMT BasicEMT BasicEMT BasicEMT BasicGraduateFirst Aid + CPR + AEDFirst Aid + CPR + AEDRegularly RecertifiedEMT IntermediateBCLSEMT BasicCPRAEDFirst AidNAEMT BasicCPRAEDNAFirst AidBCLSAEDCPR*DS* Dispatch service, *DC* Dispatch Centre, *Dispatch System* Nature of call interrogation, *BLS* Basic life support, *ALS* Advanced life support, *EMT* Emergency medical technician, *DACPR* Dispatcher assisted cardio-pulmonary resuscitation, *CPR* Cardio-pulmonary resuscitation, *BCLS* Basic cardiac life support, *AED* Automated external defibrillator, *Tiered Dispatch Response* Dispatch response differs based on call severity, *Other Pre-Arrival Instructions* Instructions or guidance not involving DACPR provided by dispatcher to the individuals making the emergency call, *Medical Oversight* Physician supervision of the dispatch process, *DS Standby Physician* Physician(s) physically present in the dispatch center(s) to handle difficult calls, *Minimum Entry Qualification* Minimum qualification(s) required to be deployed as a dispatcher, *Regularly Recertified* Qualification(s) required to be regularly renewed

Quality improvement indicators measured for each DS are listed in Table [3](#Tab3){ref-type="table"}. Most survey sites (77.8%; *n* = 7) reviewed OHCA run sheets. 44.4% (*n* = 4) shared a common OHCA patient registry between the ambulance service and receiving hospitals. Almost all survey sites (88.9%; *n* = 8) tracked key EMS indicators, including the time from first contact to EMS dispatch, time from EMS dispatch to arrival at scene and time to arrival at hospital from the scene. Table 3Dispatch service quality improvement indicatorsDSSeoulHanoiTokyoMiriDavaoTainanTelanganaSingaporeBangkokReview OHCA Run SheetsYesNoYesYesYesYesNoYesYesSharing of OHCA Patient Data Between DS and: ASYesNoYesNoNoNoYesYesYes RHYesNoYesYesNoNoNoNoNo AS & RH in Common RegistryNoNoYesNoYesYesNoNoYesEMS KPIs MeasuredYesNoYesYesYesYesYesYesYes First contact to EMS dispatchYesNAYesYesYesYesYesYesNo EMS dispatch to arrival at sceneYesNAYesYesYesYesYesYesYes Arrival at hospital from sceneYesNAYesYesYesYesYesYesYesOHCA KPIs MeasuredYesNoYesYesYesYesNoYesYes EMS Time logsYesNAYesNoYesYesNAYesYes DACPR Recognition RateYesNAYesYesNoYesNAYesYes Time to DACPR RecognitionYesNAYesNoYesYesNAYesNo DACPR Start RateYesNAYesYesNoYesNAYesNo Time to DACPR StartYesNAYesNoYesYesNAYesNo Compression start rateYesNANoYesYesYesNAYesYes Time to first compressionYesNANoNoNoYesNAYesYes Barriers to recognitionYesNAYesYesNoYesNAYesNo Barriers to compressionNoNANoYesNoYesNAYesYesPatient Outcomes MeasuredNoNoYesNoYesYesNoYesYes Pre-Hospital ROSC RatesNANAYesNAYesYesNAYesYes Hospital admission rateNANANoNANoYesNAYesYes Survival RateNANANoNAYesYesNAYesYes Rate of good functional recoveryNANANoNANoYesNAYesYes*EMS* Emergency medical service, *OHCA* Out of hospital cardiac arrest, *DS* Dispatch service, *DACPR* Dispatcher assisted cardio-pulmonary resuscitation, *AS* Ambulance service, *RH* Receiving hospital, *KPI* Key performance indicator, *ROSC* Return of spontaneous circulation

77.8% (*n* = 7) of survey sites have introduced DACPR. Specific DACPR characteristics are listed in Table [4](#Tab4){ref-type="table"}. Of the DS's that have rolled out DACPR, 71.4% (*n* = 5) provided instructions in over one language. In 28.6% (*n* = 2) of DS's that have introduced DACPR, not all staff were trained to deliver DACPR instructions. 85.7% (*n* = 6) of DS's that offered DACPR provided feedback for dispatchers. All DS's that implemented DACPR and provided feedback to dispatchers offered feedback on missed OHCA recognition. The majority of DS's (83.3%; *n* = 5) that offered DACPR and provided feedback to dispatchers also implemented corrective feedback, while 66.7% (*n* = 4) offered positive feedback. Table 4Dispatcher assisted cardiopulmonary resuscitation characteristicsDSSeoulTokyoMiriDavaoTainanSingaporeBangkokCountryKoreaJapanMalaysiaPhilippinesTaiwanSingaporeThailandYear Introduced2011199420132017201320111995Year Data Collected2015201520162016201320162017DACPR in \> 1 LanguageNoYesYesYesYesYesNoDispatch Staff Trained (%)1001001006010010080Script SourceInternally DevelopedInternally DevelopedCommercially AcquiredInternally DevelopedInternally DevelopedInternally DevelopedInternally DevelopedComputer or Card-BasedCard BasedComputer AidedComputer AidedComputer AidedCard BasedComputer AidedCard BasedDACPR InstructionsCompression OnlyCompression OnlyCompression OnlyCompression OnlyCompression OnlyCompression OnlyCompression Only 30:2 CPR in Specific IndicationsNoYesYesYesYesYesNo Lookout for AEDsYesYesYesYesYesYesNoDACPR FeedbackYesYesYesNoYesYesYes OHCA SurvivorsNoNoNoNAYesYesNo Positive FeedbackNoNoYesNAYesYesYes Corrective FeedbackYesNoYesNAYesYesYes Missed OHCA RecognitionYesYesYesNAYesYesYes*OHCA* Out of hospital cardiac arrest, *DS* Dispatch service, *DACPR* Dispatcher assisted cardio-pulmonary resuscitation, *CPR* Cardio-pulmonary resuscitation, *AED* Automated external defibrillator

DACPR statistics for DS's that have implemented DACPR are found in Table [5](#Tab5){ref-type="table"}. OHCA recognition sensitivity ranged from 32.6% (95% CI: 29.9--35.5%) to 79.2% (95% CI: 72.9--84.4%). Median time to first compression ranged from 90 s to 220 s. Table 5Dispatcher assisted cardiopulmonary resuscitation statisticsDSSeoulTokyoMiriDavaoTainanSingaporeBangkokCountryKoreaJapanMalaysiaPhilippinesTaiwanSingaporeThailandYear Data Collected201520152016^a^20162013^b^20162017Paramedic-Confirmed OHCA Calls457723,4771351011192521207DS recognized, n (%)2587 (56.5)12,615 (53.7)NANA365 (32.6)1348 (53.5)164 (79.2)DS recognized & compression started, n (%)2175 (84.1)8158 (64.7)60NA43 (11.8)1143 (84.8)31 (18.9)Median time to first compression (s)174NA120NA143220NA*OHCA* Out of hospital cardiac arrest, *DS* Dispatch service^a^ Data was only available from April to December 2016^b^ Data was only available from 2013 due to site constraints

Discussion {#Sec7}
==========

Our study demonstrated many similarities and some variations in DS characteristics. Most PAROS DS's operated tiered response systems and were protocol-driven. Medical oversight was a clear feature in most DS's and dispatchers were predominantly healthcare providers, comprising EMTs (Emergency Medical Technicians), paramedics and nurses. DS's were tracking quality indicators for general EMS as well as DACPR domains.

With regard to DACPR, internally developed scripts were commonplace and had been translated to the local lingua franca. All DS's performed compression-only DACPR. OHCA recognition sensitivity and compression start rates varied considerably between DS's.Compared to the previous survey published in 2012, Seoul, Tokyo and Singapore had transitioned from a single-tier to a tiered dispatch response system \[[@CR5]\]. This could be a response to the aging populations they served requiring varying degrees of response \[[@CR5]\], and overall increased call volumes. While most dispatchers had prior medical training, a protocol-driven dispatch system was predominant. In contrast to the stricter, protocol-driven dispatch systems that are algorithm-based, guideline-driven dispatch systems permit a more free-form and dynamic nature of communication \[[@CR15]\]. Thus, the preference for protocol-driven dispatch systems may stem from concerns surrounding patient safety, as guideline-based dispatch systems require dispatchers to make more decisions, and are consequently at higher risk of poor outcomes \[[@CR16]\].

Almost all study sites had medical oversight in place. This could be attributed to greater attention to prehospital work by stakeholders and changes in funding structures. We believe that this is beneficial for overall patient care as medical oversight has been shown to improve patient outcomes through direct influence over real-time medical decisions and formulation of dispatch guidelines and protocols \[[@CR17]\].

Compared to 2015, measurement of quality indicators have been introduced in most DS's and EMS systems \[[@CR4]\]. Recent years have seen the drive towards a 'quality-based' culture which is encouraged by both PAROS and the Global Resuscitation Alliance \[[@CR18]\]. Between our study's DS's, there remains significant differences in which performance indicators are reported, thus limiting comparisons. Continued collaborative efforts will facilitate standardization.

The increase in number of DS's that have implemented DACPR compared to 2012 may also be attributed to Phase 2 of the PAROS study \[[@CR19]\]. This study involved the introduction of a bundle of care to the participating PAROS dispatch services that included the implementation of a DACPR protocol and training program. Notably, in Asia, where many countries are multilingual, DACPR should be available in more than one language as language barriers are known to delay recognition of OHCA and initiation of DACPR \[[@CR20]\], and increase dispatch times \[[@CR21]\]. Unfortunately, this increases the staffing requirement in an already resource-limited region. In light of the potential complex multilingual environments, the preference for internally-developed scripts may be due to the need for phrasing to be simple enough to translate on-the-fly \[[@CR22]\]. Future DACPR scripts should therefore strive to utilize simple, unambiguous and easy-to-translate language to facilitate this, in the absence of DACPR scripts in the local language.

Most DS's surveyed provided feedback to dispatchers that was both positive and corrective. Only 2 DS's, Tainan and Singapore, gave dispatchers information on patient outcomes. While obtaining feedback entails a greater degree of information integration with receiving hospitals, we believe this cost is well worth the effort. Dispatcher competencies in delivering DACPR are known to be partially dependent on feedback of patient outcomes \[[@CR23]\], and having an avenue to obtain such feedback may improve rates of DACPR.

Sensitivities of OHCA recognition by PAROS DS's that have introduced DACPR appear lower compared to Europe and American DS's \[[@CR24]\]. This may be due to a heterogenous population resulting in a more complex multilingual environment, further complicated by a population with relatively lower health literacy as large swathes of Asia are still developing \[[@CR25]\]. Moreover, differences in dispatch algorithms, instructions and protocols also exist \[[@CR26]\], and DACPR remains a fairly recent introduction within the network.

Strengths and limitations {#Sec8}
-------------------------

To our knowledge, this study is the first in-depth DS survey that sheds light on the current practices and DACPR outcomes in Asian DS's; the cross-sectional nature of surveys is an important limitation and subject to recall bias. Different settings of DS's (e.g. urban & rural) and the year of data reported (2013 to 2017) limit comparisons.

Some DS's have since introduced improvements that are not captured in this survey. For example, one site only recently started DACPR, and data reported in this survey may not have reflected the improvements that have been made.

While we attempted to adopt a standardized taxonomy, our data was collected based on self-reporting and is susceptible to variability in the interpretation of questions and data points. Comparisons in DACPR statistics are also limited as the exclusion criteria were not finalized at the time of data collection.

Furthermore, although this study has attempted to compare how much call load each DS comes under by comparing the annual number of transports as a proxy for annual number of calls, to the total number of man hours rostered annually between DS's. This does not consider the actual number of calls, as one call may have zero or multiple transports, variability in the length of calls, and how call volume varies with time of day.

There is a lack of consistent or universal metrics for assessing the call load and how it affects manpower requirements in DS's. While existing studies on call centers frequently utilize Erlang B and Erlang C formulae to determine optimal staffing requirements, there is a paucity of research on their use in the DS setting. These remain further avenues for research.

Future developments {#Sec9}
-------------------

Looking ahead, resource constraints may compel PAROS DS's to capitalize on advances in technology. The growing smartphone penetration rate in Asia presents a ripe opportunity for the introduction of mobile-phone positioning systems that dispatch CPR-trained lay volunteers, such as GoodSAM and PulsePoint \[[@CR27]\]. These efforts may increase bystander CPR rates and decrease time to first compression and defibrillation.

Additionally, this may be complemented by video-assisted dispatching, as has been trialed by GoodSAM \[[@CR28]\]. While this implementation focused on the remote initial assessment of trauma, studies have shown that video-assisted dispatching may improve the quality of DACPR provided compared to the current, audio-instructed method \[[@CR29]\].

The advent of artificial intelligence may also help DS's cope with the anticipated increases in demand. For example, Singapore is looking to deploy an artificial intelligence (AI) driven speech-to-text real-time transcription solution to help reduce the time spent on collecting and transcribing information \[[@CR30]\]. This could help reduce staffing requirements as less time may be spent per call, and potentially be used for translating information on the fly. PAROS DS's are thus well primed to make use of these technologies to overcome their resource constraints and challenges.

Conclusion {#Sec10}
==========

This is the first large-scale, network-wide assessment focusing on dispatch service characteristics and the state of implementation of DACPR within PAROS. Much regional variation between DS's exists in terms of qualifications, QI measurements, DACPR implementation and outcome measures. These findings will lay the groundwork for future DS and DACPR studies.
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AED

:   Automated External Defibrillator

ALS

:   Advanced Life Support

BCLS

:   Basic Cardiac Life Support

BLS

:   Basic Life Support

CPR

:   Cardio-pulmonary Resuscitation

DACPR

:   Dispatcher-Assisted Cardio-pulmonary Resuscitation

DC

:   Dispatch Center

DS

:   Dispatch Service

EMS

:   Emergency Medical Service

EMT

:   Emergency Medical Technician

KPI

:   Key Performance Indicator

OHCA

:   Out-of-hospital cardiac arrest

PAROS

:   Pan-Asian Resuscitation Outcomes Study

ROSC

:   Return of Spontaneous Circulation
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